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DIWHU,UDQWRKDYHDGRPHVWLFQXFOHDUSURJUDP7RDYRLGFRQFHUQVDERXWWKHLUXVHRIQXFOHDUWHFKQRORJLHVWKH8$(








IODJVKLS SURMHFW RI WKH LQLWLDWLYH DQG DLPV WR EH WKHZRUOG
V ILUVW ]HURFDUERQ FLW\ ,W DOUHDG\ KRXVHV WKH0DVGDU
,QVWLWXWH²DMRLQWHIIRUWEHWZHHQWKH0DVVDFKXVHWWV,QVWLWXWHRI7HFKQRORJ\DQG0DVGDU²DQGSODQVDUHLQWKHZRUNV
WREULQJKXQGUHGVRIRWKHUKLJKWHFKQRORJ\DQGUHQHZDEOHHQHUJ\EXVLQHVVHVLQWRWKHFLW\RYHUWKHFRPLQJ\HDUV
0DVGDU DQQRXQFHG SODQV WR GHYHORS WKH 6LU %DQL <DV ZLQG IDUP²ZLWK D WDUJHW FDSDFLW\ RI  PHJDZDWWV
0:²DQGWKH6KDPVFRQFHQWUDWHGVRODUSRZHU&63SODQW0:FDSDFLW\RYHUWKHQH[WVHYHUDO\HDUVDQG
VKRXOGFRQWLQXHWRKHOSWKH8$(ILQGQHZZD\VWRGLYHUVLI\LWVHQHUJ\PL[7KLVSURJUHVVUHFHQWO\KHOSHGVSXUWKH
,QWHUQDWLRQDO 5HQHZDEOH (QHUJ\ $JHQF\ ,5(1$ WR HVWDEOLVK LWV KHDGTXDUWHUV LQ $EX 'KDEL 7KH 8$( LV
VXSSRUWLQJ WKHGHILFLW LQ FRQYHQWLRQDOZDWHU UHVRXUFHVZLWK WKHFRQYHQWLRQDOZDWHU UHVRXUFHVDQG LQSDUWLFXODU WKH
GHVDOLQDWLRQRIVHDZDWHUDQGEUDFNLVKZDWHU
'HVDOLQDWLRQLQ8$(
7KHGHVDOLQDWLRQ WHFKQRORJ\VWDUWHG LQ8$(LQZKHQ WKHILUVWSODQWZDVHVWDEOLVKHG LQ$EX'KDELZLWKD
FDSDFLW\ RI  JDOORQVGD\ 7KH HVWDEOLVKPHQW RI GHVDOLQDWLRQ SODQW VLQFH WKDW WLPH LQGLFDWHV WKDW WKH ZDWHU
VFDUFLW\LVDQROGSUREOHPDQGWKHVHYHULW\RIWKLVSUREOHPLVLQFUHDVLQJDQQXDOO\2YHUWKHWLPHWKHZDWHUGHPDQG
IRU GRPHVWLF DJULFXOWXUDO DQG LQGXVWULDO LV LQFUHDVLQJ VR QHZ GHVDOLQDWLRQ SODQWV DUH EHLQJ FRQVWUXFWHG LQ WKH




7KH SURGXFWLRQ RI GHVDOLQDWHG ZDWHU LV LQFUHDVLQJ RYHU WKH WLPH WR SURYLGH VXIILFLHQW TXDQWLWLHV RI ZDWHU IRU
GLIIHUHQWDFWLYLWLHV6LQFHWKH8$(FRQWLQXHGWRGHSHQGRQJURXQGZDWHUDQGWUHDWHGZDWHUEHVLGHVGHVDOLQDWHG









 LQ +RZHYHU WKH GHSHQGHQF\ RI GHVDOLQDWHGZDWHU RI 6(:$DQG)(:$ LQ ZDV DQG
 DQG LW LQFUHDVHG WR  DQG  LQ  UHVSHFWLYHO\ ,W LV REYLRXV WKDW WKH HDVWHUQ DQG QRUWKHUQ
HPLUDWHV RI WKH FRXQWU\ DUH GHSHQGLQJ LQ ERWK JURXQGZDWHU DQG GHVDOLQDWHGZDWHUZKHUHDV ERWK$EX'KDEL DQG
'XEDL(PLUDWHVPDLQO\UHO\RQGHVDOLQDWHGZDWHU7KHSURGXFWLRQRIJURXQGZDWHULQHDVWHUQDQGQRUWKHUQHPLUDWHVLV
UHODWLYHO\ KLJK GXH WR WKH FORVHQHVV IURP UHFKDUJH DUHD EXW WKH GHSHQGHQF\ LQ JURXQGZDWHU LQ WKRVH DUHDV ZLOO
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7DZHHODK$ FRJHQHUDWLRQ SODQW SURGXFHV 0:H DQG PGD\ DQG8PP$O 1DU SURGXFHV 
PGD\7KHPGD\$O=DZUDVHDZDWHUGHVDOSODQWLVWREHEXLOWDW$MPDQ
,Q'XEDL WKH-HEHO$OL0FRJHQHUDWLRQSODQWRSHQHG LQZLWK[0:HJDV WXUELQHVDQG06)XQLWV
SURYLGLQJ  PGD\ (DUOLHU 'XEDL LQYLWHG ELGV IRU FRQVWUXFWLQJ D  PGD\  */\U VHDZDWHU
GHVDOLQDWLRQSODQWDVSDUWRILWV+DVV\DQLQGHSHQGHQWSRZHUSURMHFWEXWWKHQDQQRXQFHGLWVGHIHUUDO












7KH ILQDQFLDOHYDOXDWLRQRIQRQFRQYHQWLRQDOHQHUJ\VRXUFHV IRUZDWHUGHVDOLQDWLRQV\VWHPV LVFRQGXFWHGXVLQJ
RQHRIWKHPRVWNQRZQFRQYHQWLRQDOPHWKRGVVXFKDV1HW3UHVHQW9DOXH139RU,QWHUQDO5DWHRI5HWXUQ,55
7KHVRFLRHFRQRPLFHYDOXDWLRQPDNHVDVVHVVPHQWVWRDOOJDLQVEHQHILWVDQGDOOORVVHVFRVWVRIQRQFRQYHQWLRQDO
HQHUJ\VRXUFHV IRUZDWHUGHVDOLQDWLRQV\VWHPVZKLFK LQFOXGH WKHILQDQFLDO VRFLDOFXOWXUDODQGHFRORJLFDO LPSDFWV
7KHPRVWZLGHO\XVHGPHWKRG LQVRFLRHFRQRPLFDQDO\VLV LV WKHFRVWEHQHILWDQDO\VLV$OWKRXJKWKHDVVHVVPHQWRI
VRFLRHFRQRPLF EHQHILWV DQG FRVWV GHSHQGV ILUVW RI DOO RQ WKH GDWD SURYLGHG E\ WKH FDVK IORZ VKHHWV LW LV
VXSSOHPHQWHGE\VRFLRHFRQRPLFLPSDFWVIURPWKHILHOGRIZHOIDUHHFRQRPLFV1RQILQDQFLDOHYDOXDWLRQRIGLIIHUHQW
HQHUJ\DQGZDWHUV\VWHPVKDVEHHQXVHGE\PDQ\DXWKRUV
4.1. Simplified Scoring Model 
,Q WKHVLPSOLILHGVFRULQJPRGHOHDFKFULWHULRQ LV UDQNHGDFFRUGLQJ WR LWV UHODWLYH LPSRUWDQFH2XUFKRLFHRIDQ
RSWLRQZLOO UHIOHFW RXUGHVLUH WRPD[LPL]H WKH LPSDFWRI D FHUWDLQ FULWHULRQRQRXUGHFLVLRQ ,QRUGHU WR VFRUHRXU
VLPSOLILHG FKHFNOLVWZH DVVLJQ D VSHFLILFZHLJKW WR HDFK RI RXU ILYH DQG VHYHQ FULWHULD7KXV WKH VLPSOH VFRULQJ
PRGHOFRQVLVWVRIWKHIROORZLQJVWHSV
x$VVLJQLPSRUWDQFHZHLJKWWRHDFKFULWHULRQ





LQ 8$( 7KH FRVW FULWHULD LQFOXGH WKH FRVW RI IXHO KDUGZDUH FRVW PDLQWHQDQFH FRVW DX[LOLDU\ V\VWHP FRVW DQG
HQYLURQPHQWDO FRQVWUDLQWV ZKLOH WKH EHQHILWV FULWHULD DUH HIILFLHQF\ UHOLDELOLW\ DYDLODELOLW\ RI IXHO QDWLRQDO
HFRQRP\VRFLDOEHQHILWVV\VWHPVDIHW\DQGHFRQRPLFDOLQWHUHVW
7KXV WKHPHDVXUHPHQWRISRWHQWLDO EHQHILWV IURPDSDUWLFXODU HQHUJ\ WHFKQRORJ\RSWLRQ H[FHHGV LQ VFRSH WKH
ILQDQFLDO UHWXUQRQ WKDWRSWLRQ DQG HQFRPSDVVHV LWV FRQWULEXWLRQ WR WKHRYHUDOOEHQHILW RI WKHQDWLRQ7KHVH VRFLR
HFRQRPLFJDLQVDUHUHSUHVHQWHGE\WKHFULWHULDRIWKHQDWLRQDOHFRQRP\HFRQRPLFDOLQWHUHVWDQGVRFLDOEHQHILWV
$OOLWHPVLQWKHFRVWFULWHULDFDQEHUHODWHGLQWHUPVRIFRVWRUPRQH\YDOXHDSDUWIURPRQHLWHPZKLFKLVYHU\
GLIILFXOW WRTXDQWLI\ LQ WHUPVRIPRQH\QDPHO\HQYLURQPHQWDOFRQVWUDLQWVZKLFKPHDVXUHV WKHHIIHFWRIXVLQJDQ
HQHUJ\WHFKQRORJ\RSWLRQIRUZDWHUGHVDOLQDWLRQRQWKHHQYLURQPHQWGLUHFWO\RULQGLUHFWO\
898   Mousa S. Mohsen et al. /  Procedia Computer Science  83 ( 2016 )  894 – 901 























 &RVWRI)XHO   
 +DUGZDUH&RVW   
6RODU'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
2LO'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
1DWXUDO*DV'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
1XFOHDU'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
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 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
6RODU'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
2LO'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
1DWXUDO*DV'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
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 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
1XFOHDU'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 

$FFRUGLQJWRWKHFRVWHYDOXDWLRQVFRUHPRGHOVRODUGHVDOLQDWLRQLVWKHEHVWRSWLRQDQGWKHZRUVWRQHLVWKHQXFOHDU
GHVDOLQDWLRQ2Q WKHRWKHUKDQG DFFRUGLQJ WR WKHEHQHILW HYDOXDWLRQQXFOHDUGHVDOLQDWLRQ LV WKHEHVW RSWLRQZKLOH
XVLQJRLODVDVRXUFHRIHQHUJ\IRUGHVDOLQDWLRQLVWKHZRUVWRSWLRQWKHORZHVWEHQHILWVFRUH
&RQFOXVLRQ
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